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UPLICATE 



COATINCy 

This invention relates to coatings, such as thermal barrier coatings. 

In extreme environments such as the interior of a gas turbine engine, where the 
flame temperature can be greater than the melting point of materials used to construct 
5 the engine, metal components are often coated with a material to avoid or reduce 
thermal damage to the components. Such a coating is commonly known as a thermal 
barrier coating or TBC. 

A thermal barrier coating typically comprises a relatively "thick" layer of a 
refractory material such as yttria stabilised zirconia or YSZ. Here, the term "thick" is 
10 used to imply a thickness of, say, 250|Jim. The refractory material would generally be 
selected to have a low thermal conductivity such as around 1 to 3 W/mK, thereby 
reducing heat transfer to the components and reducing the temperature experienced by 
the components. 

The coatings are applied using a deposition technique. Generally speaking, the 
15 deposition techniques in commercial use are not completely reliable and do not 
provide the level of adhesion of the coating to the component which would be 
desirable. This means that the lifetime of coated components is limited, but as there is 
no reliable model for predicting that lifetime, nor way to monitor the coatings in 
service, the only way to assess the state of coated components is manual inspection. In 
20 the case of a gas turbine engine, this is clearly time consuming and expensive. 

This invention provides a machine component coated with a coating material, 
the coating material comprising a mixture of at least a refractory material and an 
indicator material having an optical emission spectrum which varies in response to a 
physical parameter of the coated component. 
25 The invention addresses the above difficulties by providing a new type of 

coating, suitable for use as a thermal barrier coating. The coating itself comprises not 
only a refractory material but also an indicator material having an optical emission 
(e.g. fluorescence) spectrum dependent on a physical parameter of the coated 
component such as temperature. This allows in-situ interrogation and remote 
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monitoring of the physical parameter by directing a light beam onto the component 
and analysing the fluorescence spectrum using known analysing equipment. 

The variation in spectrum can be, for example, a variation of absolute intensity, 
relative intensity between two or more emission lines, decay time of one or more 
5 emission lines after excitation by a pulsed light source, or even lineshifting due to 
expansion and contraction of the host crystal lattice. 

The invention has many advantages over a previously proposed technique 
involving painting special phosphor-loaded paints onto components. Because the 
indicator material forms part of the coating, it can be much more resistant to erosion 
10 and thermal shock than a surface layer of paint. A separate painting process is not 
required. Also, the indication given by the indicator material better reflects the true 
condition of the coated component, rather than just a surface condition of the phosphor 
paint. 

Although coating materials could be selected to respond to other physical 

15 parameters of the coated component, such as pressure, preferred embodiments of the 
invention finds particular use in allowing remote monitoring of the temperature of the 
component, by employing an indicator material having a fluorescence spectrum which 
varies in dependence on the temperature of at least a region of the coated component. 

Preferably, rather than a homogeneous layer of indicator material, the indicator 

20 material comprises a layered structure of indicator materials having different respective 
fluorescence spectra. This arrangement has many advantages. Firstly, as the coating 
erodes from the component, a fiirther layer of indicator material will be newly 
uncovered. As this has a distinguishable spectrum, the erosion process can therefore 
be detected. In another application, the arrangement could allow monitoring of the 

25 component's temperature at different depths within the coating, particularly if lower 
layers of indicator material were covered by materials which are at least partially 
transparent to the light involved. 

The invention finds a particular preferred use in a combustion engine, 
preferably in coating one or more turbine blades of a gas turbine engine. In 

30 combustion engines, ambient conditions are extreme and the effort involved in 
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manually inspecting internal components means that the inspection process can be 
expensive. 

The invention also provides a coating material for coating a machine 
component, the coating material comprising a mixture of at least a refractory material 
5 and an indicator material having an optical emission spectrum which varies in response 
to a physical parameter of the coated component. 

The invention also provides a combustion engine having one or more internal 
components coated with the above, the engine having a measurement system 
comprising a light source for directing an interrogating light beam onto the coated 
1 0 component(s); and a light collector for collecting light from the coated component(s). 

Embodiments of the invention will now be described, by way of example only, 
with reference to the accompanying drawings in which: 

Figure 1 is a schematic diagram of a coated component; 

Figure 2 is a schematic diagram of a gas turbine engine incorporating a coated 
15 component and having a remote sensing apparatus; 

Figure 3 illustrates a fluorescence spectrum for YAG:Tb; 

Figures 4 and 5 illustrate the variation of decay lifetime with temperature for an 
emission of YAG:Tb; 

Figure 6 illustrates a fluorescence spectrum for Y203:Eu; 
20 Figures 7 and 8 illustrate the variation of decay lifetime with temperature for an 

emission of Y2O3 :Eu; 

Figures 9 and 10 illustrate the relative variation of emission linestrengths with 
temperature for YAG:Dy; 

Figure 1 1 is a schematic diagram of a multi-layer indicator material providing 
25 erosion information; and 

Figure 12 is a schematic diagram of a multi-layer indicator material providing 
temperature monitoring at different coating depths. 

Figure 1 is a schematic diagram of a component 10 coated with a thermal 
barrier coating (TBC) 20. The component 10 may be, for example, a turbine blade of a 
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gas turbine engine, although the technique is applicable to many other types of 
component. 

The TBC 20 is formed as a mixture of a refractory material and an indicator 
material which has a fluorescence spectrum which varies in dependence on a physical 
5 parameter of the component such as temperature. 

The coated component is particularly suited for remote monitoring of the 
physical parameter by directing an interrogating light beam on to the component and 
then analysing the fluorescence emissions returned from the component. Figure 2 is a 
schematic diagram of a gas turbine engine incorporating the coated component and 
10 employing a remote sensing apparatus to detect the fluorescence spectrum of the 
component. 

In Figure 2, the coated component 10 is mounted on a turbine assembly 30 
inside a casing 40 of the gas turbine engine. An interrogating light beam is generated 
by an Nd:YAG pulsed laser 50 and directed along an optical fibre waveguide 60 to a 
15 window 70 in the casing 40 of the turbine engine, from where it is directed onto the 
path of the component under test. 

When the light strikes the component as it rotates past the window 70, the 
component's coating emits a fluorescence spectrum which is picked up by a further 
optical fibre 80 through a further window 90 in the casing 40. The light is passed to a 
20 detector 100. 

An arrangement of lenses (not shown) can be used to collimate or otherwise 
vary the optical properties of the interrogating beam and/or the fluorescence emission. 
The optical fibre 60 and the optical fibre 80 can direct light through the same window 
in the casing 40 if desired, and, through use of a directional optical fibre coupler, the 
25 interrogating beam and the collected fluorescence spectrum can pass along the same 
fibre. 

The laser 50 and the detector 100 are under the control of a pulse generator and 
control circuit 110. The detector 100 converts the received optical signal into an 
electrical signal 120 which is passed to an analyser 130 arranged to detect spectral 
30 characteristics to be described below using known analysis techniques. The output of 
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the analyser 130 is passed to an output device 140 such as a display screen or a print- 
out device. 

The TBC is applied using a known technique such as chemical vapour 
deposition (CVD), electron beam physical vapour deposition (EBPVD), plasma spray 
5 deposition or electrostatic assisted vapour deposition (see, for example, W097/21848). 
In this last technique, a precursor solution is directed onto the substrate (the 
component) and forms a deposited layer under heat treatment. 

The layer used in these embodiments is formed primarily of a refractory 
material but containing dopants, such as rare earth dopants, to provide the required 

10 fluorescence properties. Therefore, a straightforward way of applying such a coating is 
to add the rare earth dopants to the precursor solution before the electrostatic assisted 
vapour deposition coating process takes place. In further embodiments to be described 
below (see Figures 11 and 12) the composition of the indicator component varies 
across the depth of the coating. This can be achieved easily by varying the 

15 composition of the precursor solution during the coating process - perhaps by changing 
the concentration of a particular dopant by adding the dopant or adding more undoped 
precursor solution, or by changing from one receptacle of solution having a first 
dopant to another receptacle of solution having a second dopant (or no dopant), and so 
on. In the examples discussed below, the proportion of the dopant in the deposited 

20 layer is relatively small, so that the physical properties of the deposited layer and the 
deposition process itself are relatively unchanged by the addition of the dopant. 

Two main techniques for assessing temperature by interrogating the coated 
components' fluorescence spectrum will be discussed below. These are a life time 
decay method and an intensity ratio method. 

25 For the purposes of this example, three compositions will be discussed. 

YsOjtEu and YAG:Tb are described for the "lifetime decay method". These materials 
show good luminescence, are readily available and relatively cheap. Their useable 
temperature range goes from below 550°C to above 1200*^C. 

The "intensity ratio method" will be described with relation to YAG:Dy 

30 material. This material has the possibility of performing two dimensional temperature 



P/5129.GBP 



distribution analysis up to temperatures of about 1500*^C. Because the main emission 
lines of interest are below 500nm, at high temperatures black body radiation from 
material is still not as intense as for similar measurements with Y203:Eu and YAG:Tb. 

5 T li fetime D ecay Method 

Figxu-e 3 is a graph of the emission spectrum for YAG:Tb at different 
temperatures in response to an excitation wavelength of 266nm. It will be seen that the 
spectrum varies in magnitude with temperature. However, the feature that will be 
analysed in the present example is the decay time of an emission after excitation. 

10 When the material is excited by a pulse from the pulsed laser 50, it starts to 

fluoresce and emit the spectrum shown in Figure 3. When the excitation pulse is 
removed, the intensity dies away exponentially. A characteristic time (tau) of the 
decay process is the time in which the intensity falls to 1/e of its original intensity. So, 
tau becomes numerically smaller as the decay becomes faster. 

15 Figure 4 is a graph of the decay time tau versus temperature for YAG;Tb at an 

emission wavelength of 543. Inm, an excitation wavelength of 266nm, and a Tb 
concentration of 5%, over a range from substantially room temperature through to 
about lOOO^C. It can be seen that the characteristic time tau varies in dependence on 
the temperature of the material. 

20 Figure 5 is an expanded graph of the region from about 700*^0 to about 1000*^C. 

This is a region of interest for the temperature analysis of components in a combustion 
engine, and the graph shows that there is a generally monotonic between tau and 
temperature. Accordingly, the detector 100 can be arranged to detect intensity of the 
optical signal returned from the component 10 (Figure 2) and the analyser 130 can be 

25 arranged to detect the characteristic decay time, i.e. the time in which the intensity 
decays by a factor of 1/e. This can then be compared - for example via a look-up table 
- with the results of Figure 5 to determine the temperature of the component 10. 

Figure 7 illustrates the exponential decay process for an emission from 
Y203:Eu with temperature. The concentration of Eu is 6%, although a range of 1-6% 

30 is useful, the excitation wavelength 266nm and the emission is measured is at 61 Inm. 
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When the results of Figure 7 are converted into a graph of the characteristic 
decay time tau versus temperature, it can be seen that in a temperature range of interest 
(above 700*^c) there is a useful variation of tau with temperature. This information can 
be used as described above in the analyser 130 of Figure 2. 
5 Tntensitv Ratio Method 

Figure 9 illustrates the scaled fluorescence spectrum for YAG:Dy at different 
temperatures. (The spectrum includes two "rogue" data points, marked as "dead 
pixels"). The Dy concentration is 3%. 

In a steady state emission (not a fluorescence emission), the ratio of intensities 
10 for two emission wavelengths (493nm and 455nm) in response to excitation at 355nm 
is plotted against ambient temperature of the coated component in Figure 10. This 
shows a useful, almost linear relationship between the ratio and the temperature. 

In Figure 10, sets of results obtained on different days are shown. These are 
day "j9th", the day of fabrication, and the next three days j 10th to j 12th. The results 
1 5 show a good stability of response with time. 

The examples described above have related to single-layer coatings. However, 
as mentioned earlier, the composition of the indicator material can be varied during 
deposition of the TBC so as to give a TBC having multi-layer properties as regards the 
indicator material but single-layer properties as regards the thermal barrier protection. 
20 Figures 1 1 and 12 schematically illustrate two examples of such a multi-layer indicator 
structure. 

Referring to Figure 11, the component 10 is coated v^th a TBC 200 having 
three indicator layers within it, 210, 220, 230. The three indicator layers are formed 
using different indicator dopants. 

25 This technique is very useful to assess erosion of the TBC. In Figure 11, 

erosion has taken place at a site 240, so that areas of the interior indicator layers 220, 
210 are exposed. When the eroded component is interrogated using the light beam as 
described above, emission spectra will be observed corresponding to all three of the 
indicator 210, 220, 230. This can be used to indicate that erosion has taken place as far 

30 as the layer 210. When this occurs, a warning signal can be issued to the equipment 
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operator (e.g. a maintenance engineer maintaining a gas turbine engine) that it is time 
to dismantle the engine to replace the eroded component. 

Figure 12 illustrates a similar multi-layer structure having a three-indicator 
layer TBC formed of indicator layers 250, 260, 270. The three layers again have 
different respective fluorescence properties when interrogated by the interrogating 
light beam. A region 280 of the outer layer 270 is arranged to be substantially 
transparent (or at least partially transparent to the interrogating wavelength and the 
emission spectrum. This allows the temperature at a position inside the TIC (the 
position of the indicator layer 260 to be monitored. Similarly, a region 290 of the 
outer two layers 270, 260 is made at least partially transparent, so that the temperature 
of the interior layer 250 can be assessed, giving a closer indication of the temperature 
of the component 10 itself. 

Such a multi-layer structure will also enable the heat flux to the component to 
be calculated assuming that the thermal conductivity of the intervening layer is known: 

q" = (-kAT)/L 

where k is thermal conductivity, AT is the temperature change and L is the 
thickness of the layer. 

In other embodiments a compositionally graded structure can be used~(by" 
varying the indicator material composition and/or concentration during deposition), or 
alternatively a composite or multi-phase structure can be employed. 

Embodiments of the invention can provide a TBC with indicating properties 
which can be used to assess or measure the erosion, temperature distribution, heat flux, 
phase changes, pressure, stress and/or strain characteristics of a coated component, 
besides performing as a TBC. 

The concentration of the indicator material is preferably relatively low so that 
its presence has little effect on the thermal properties of the TBC, but preferably high 
enough that the spectra can be conveniently observed. A preferred range is about 
0.1%- 10%, although concentrations outside of that range can be envisaged. 
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CLAIMS 

1. A machine component coated with a coating material, the coating material 
comprising a mixture of at least a refractory material and an indicator material having a 
optical emission spectrum which varies in response to a physical parameter of the 
coated component. 

2. A component according to claim 1, the indicator material having a optical 
fluorescence emission spectrum which varies in response to a physical parameter of the 
coated component. 

3. A component according to claim 1 or claim 2, in which the indicator material 
has an emission spectrum which varies in dependence on the temperature of at least a 
region of the coated component, 

4. A component according to claim 1, in which the indicator material has an 
emission spectrum which varies in dependence on at least one parameter selected from 
the group consisting of: 

(i) a physical strain applied to at least a region of the coated component; 

(ii) erosion of at least a region of the coated component; 

(iii) a physical stress of at least a region of the coated component; 

(iv) a physical strain applied to at least a region of the coated component. 

5. A component according to any one of claims 1 to 4, in which the refractory 
material is selected from the group consisting of ytrria stabilised zirconia and yttria 
aluminium gamet. 

6. A component according to any one of the preceding claims, in which the 
indicator material is a phosphor material. 
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7. A component according to any one of the preceding claims, in which the 
indicator material comprises a rare earth dopant. 

8. A component according to claim 7, in which the indicator material comprises a 
5 dopant selected from the group consisting of terbium, europium and dysprosium. 

9. A component according to any one of the preceding claims, in which the 
indicator material comprises a layered structure of indicator materials having different 
respective emission spectra. 

10 

10. A component according to any one of claims 1 to 8, in which the indicator 
material comprises a compositionally graded structure, a composite structure or a 
multi-phase structure. 

15 11. A component according to any one of the preceding claims, the component 
being a component of a combustion engine. 

12. A component according to claim 11, the component being a component of a 
gas turbine engine. 

20 

13. A component according to claim 12, in which the component is a turbine blade. 

14. A coating material for coating a machine component, the coating material 
comprising a mixture of at least a refractory material and an indicator material having 

25 an optical emission spectrum which varies in response to a physical parameter of the 
coated component. 

15. A combustion engine having one or more internal components coated with a 
coating according to claim 14, the engine comprising: 
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a light source for directing an interrogating light beam onto the coated 
component(s); and 

a light collector for collecting light from the coated component(s). 

16. An engine according to claim 15, comprising an analyser for detecting a 
physical property of the coated component(s) by analysis of light collected from the 
component(s). 

17. A coated component substantially as hereinbefore described with reference to 
the accompanying drawings. 

18. A coating material substantially as hereinbefore described with reference to the 
accompanying drawings. 

19. A combustion engine substantially as hereinbefore described with reference to 
the accompanying drawings. 
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ABSTRACT 
COATI N G 

A coating material 20 for coating a machine component 10 comprises a mixture 
of at least a refractory material and an indicator material having an optical emission 
(e.g. fluorescence) spectrum which varies in response to a physical parameter of the 
coated component. 

Figure I , 
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